In the process of traditional ecological floating island purification, floating plants have limited absorption capacity. And it also have limited effect on deepwater treatment. Because of the shortcomings of the traditional floating island, the "Combined Artificial floating island" device, which combines the ecological floating island, activated carbon fiber and aeration, is proposed to study its purification effect on black-odorous water. After 22 days of experiment, the removal rates of COD, TN and TP reached 83.9%, 50.2% and 26.4% respectively for the "Combined Artificial floating island" combined treatment unit, while it reached 70.5%,39.2%and 17.5% respectively for the traditional ecological floating island. The experimental results show that the removal rates of COD, TN and TP in water body are increased by 13.4%, 11% and 8.9% respectively for the treatment of "Combined Artificial floating island" combined treatment unit, and the purification effect is greatly improved compared with the traditional ecological floating island. The "Combined Artificial floating island" uses synergistic effect of particle sedimentation, plant absorption, microbial degradation and activated carbon fiber adsorption to purify water. Therefore, it can adapt to water bodies with different water quality and water depth, and has wider application range and stronger adaptability.
Introduction
Artificial floating island (AFI) technology is a water surface planting technology using the principle of soilless cultivation, which achieves the purpose of purifying water quality through the absorption and degradation of nitrogen, phosphorus, COD and other pollutants by plant roots and microorganisms. As AFI has many functions, including reducing the dispersion of pollutants, water purification, ecological protection, and landscape effect, it has become a potential candidate for black-odorous water treatment [1] [2] [3] [4] .
However, due to the limited root area of the plant, only a small amount of biofilm attachment space can be provided. And because of the limited root length, there are limitations to the treatment of deeper water. At the same time, the low concentration of DO in black odorous water is not suitable for the growth of plants and microorganisms.
Some materials have been discussed in previous studies for AFI concentration. Activated carbon has a large specific surface area and adsorption capacity, which is very suitable for water treatment [5] [6] [7] [8] . Oxygen aeration has the effect of purifying water by forcing water through aeration; it provides oxygen for microbial oxidative decomposition of organic matter [9] . Based on previous research, we have produced Combined Artificial floating island (CAFI) , which link together with floating islands, activated carbon fibers and aeration. Its purification effect on black and odorous water was studied.
More specifically, CAFI removes suspended solids (SS) from water by physical manipulation, and through the biosynthesis of pollutants to achieve absorption and utilization [10] . It is reported that aquatic plants can absorb excessive nutrients and reduce pollutants in wastewater such as COD, nitrate nitrogen and phosphate [11] [12] [13] . It can also reduce light penetration, and competition for water nutrients, it can inhibit the growth of algae [4] . [14] indicated that different plant species in the AFI system had different contaminant removal capabilities because of their specific biological properties such as nutrient absorption efficiency, growth rate and root types. What's more, the roots and stems of aquatic plants and activated carbon fibers provided space for microorganisms, and oxygen released from plants increased dissolved oxygen (DO) in water, which could increase the removal rate of COD [3, 15] . Microorganisms from wastewater that attached on the stem and root surface of plants and activated carbon fibers, formed so-called biofilms through repeated proliferation processes [15] . [15] and [16] provided evidence that root surfaces with more biofilm had greater contaminant removal capabilities, which may indicate the importance of biofilm in water purification processes. The aeration can increase the dissolved oxygen content in the water [17] . At the same time, activated carbon fibers can remove pollutants from water by adsorption [8, 18] .
Materials and Methods

"Combined Artificial Floating Island" Combined Treatment Unit
As shown in Figure 1 , the "CAFI" is composed of Artificial floating island + activated carbon fiber + aeration. It includes an artificial floating island, activated carbon fibers suspended at the lower side of the floating island and an aeration assembly fixed to the lower side of the floating island. The floating island in each device is composed of two 33cm*33cm plastic plates, and each can be planted with one canna. The activated carbon fiber material in each device is made of activated carbon fiber felt with an area of 0.1m 2 and a thickness of 3mm. The aeration assembly includes an aeration pipe and an aerator. The aerator is supplied with oxygen, and the aeration amount is 0.1 L/min. The "CAFI" introduces activated carbon fiber and aeration to purify the deep water. Carbon fibers provide more space for biofilm, which shows strong adsorption and biodegradation to pollutants. There is one spherical filter material fixed under each activated carbon fiber component to prevent the activated carbon fiber from floating on the water surface. The aeration device can increase the dissolved oxygen content in the water, promoting the growth and reproduction of aerobic microorganisms. And adequate oxygen promises the growth of plant roots, laying a foundation for the restoration of the ecosystem in black and odorous water.
Methods
The water used in the experiment was taken from Huxi River in the East Campus of Huazhong University of Science and Technology. Due to the point source and non-point source pollution, it is in a black odor state for a long time. The main indicators of initial water are shown in Table 1 . Table 1 . Main water quality indicators of initial water (mg·L -1 ).
In order to prevent the influence of other factors such as rainwater, the experiment was carried out in a light-transmitting room, and the aquatic plants planted on the artificial floating island chose the even-looking canna. 180 L of experimental water was placed in a 200 L water tank. Six samples were set and there was a blank group. The processing method for each sample is shown in Table 2 . Table 2 . Processing methods.
S1
Artificial floating island S2
Artificial floating island+ aeration S3
artificial floating island + activated carbon fiber + aeration S4
Artificial floating island+ activated carbon fiber S5 activated carbon fiber + aeration S6 Blank 50 ml of water samples were taken by a water sampler every 2 days for analysis and testing. The main indicators of the analytical test are TN, NH 4 -N, NO 3 -N, TP, COD and pH. The above indicators are tested using the Chinese national standard method.
Results
In order to eliminate interference of external factors, the experiment was carried out in a light-transmitting room. The goal of the experiment is to measure the COD of water samples to meet the standards for Class III water (COD≤20) in China's surface water environment. After 22 days of treatment, S3 reached the Class III standard for surface water, and the whole experimental process was terminated. The values and removal rates of the main pollutant indicators of all samples at the end of the experiment are shown in Table 3 . 
COD
The concentration of COD over time during processing is shown in Figure 2 . At the beginning, the COD removal rate of each experimental group was similar. On the 10th day, the average removal rate of COD in the experimental group reached 45.4%, while the COD removal rate in the blank group (S6) was 21%. On the 22nd day, the average removal rate of COD in the experimental group reached 77.8%, while the COD removal rate in the blank group (S6) was 37.7%. Among them, S3 has the best performance with a removal rate of 83.9%; the removal rate of S1, S2, S4 and S5 reached 70.5%, 81.8%, 73.1% and 80.0%, respectively. 
TP
The concentration of TP over time during processing is shown in Figure 3 . On the 22nd day, the average removal rate of TP in the experimental group reached 20.2%, while the TP removal rate in the blank group (S6) was 9.1%. Among them, S3 has the best performance with a removal rate of 26.4%; the removal rates of S2 and S5 reach 22.4% and 22.1% respectively; the removal rates of S1 and S4 reach 17.5% and 18.9%, respectively. 
TN
The concentration of TN over time during processing is shown in Figure 4 . On the 22nd day, the average removal rate of TN in the experimental group reached 43.5%, while the TN removal rate in the blank group (S6) was 23.8%. Among them, S3 has the best performance with a removal rate of 50.2%; the removal rates of S2 and S5 reach 49.0% and 43.8% respectively; the removal rates of S1 and S4 reach 39.2% and 35.3%, respectively. 
Conversion of Nitrogen
The conversion process of nitrogen in each group is shown in Figure 5 . The concentration of TN all decreased over time. But the concentration of NH 4 -N of S2, S3 and S5decreased sharply. After10 days, NH 4 -N had decreased to 0 approximately, so nitrate was the dominant form after disposal.. As for the other three groups, the concentration of TN and NH 4 -N decreased slowly, and NO 3 -N occurred after 16 days. 
DO and pH
In the S2, S3 and S5 groups, DO began to rise rapidly and was basically stable after 4 days, while it increased slowly in other three groups. Besides, it's slightly lower in S1 and S4 due to the consumption by microorganism when compared to the blank control group (S6). The pH of each group in the experiment showed an upward trend. The S2, S3 and S5 groups began to rise rapidly in pH, and then gradually stabilized, which was higher than the blank group (S6). The pH of the S1and S4 first increased, then dipped and finally increased. 
Time Required for Water Purification
If the goal is to process the COD indicator of the water sample to reach the surface class IV water standard (COD≤30), the time required for each group is shown in Table 4 . The experimental results show that "CAFI" can reduce the time required to purify the water body to the surface class IV water standard by half compared with the traditional artificial floating island, and effectively shorten the time required for the water body repair process. Table 4 . Time required for water purification(d).
Samples
Time S1 S2 S3 S4 S5 S6 22 12 12 22 14 -
Discussion
The "CAFI" has obvious effects on water purification. The mechanism of purification mainly involved particles sedimentation, plant absorption, microbial action, activated carbon fiber absorption and synergy of "CAFI" components. Among them, the factors that affect the purification process of " CAFI " are as follows.
Sedimentation of Particles
After 22 days, the removal rate of COD, TP and TN in S6 was 23.8%, 9.1% and 37.7%, respectively. As no measures were taken in S6, the reduction was due to the precipitation of insoluble matters in water. It can be seen that the sedimentation of suspended solids is an important way to improve water quality. However, long-term accumulation of this sediment will form the sediment of the water body, and may be released into the water body under certain conditions.
Plant Purification
The results showed that the purification effects of the plants on COD, TN and TP was good. The removal rate of COD, TN and TP was 70.5%, 39.2% and 17.5%, respectively. Aquatic plants act as primary producers in the ecosystem, and through their own metabolism, it can absorb large amounts of pollutants in the water, such as nitrogen, phosphorus and COD. On the other hand, as the plants grow, the roots will become more and more developed and thus the adsorption amount increased with the incremental adsorption area. At the same time, more space was provided for the microbial attachment to form a micro-ecological purification system on the roots of plants. [19] .
Microorganisms
Microorganisms can promote the circulation of substances in the water environment through self-growth and reproduction, and have the effect of purifying water bodies [15] . Aeration in the experiment can promote the growth and reproduction of microorganisms on plant roots and activated carbon fibers. The results showed that the removal rate of COD, TN and TP was higher in the three aeration groups(S2, S3, S5) than the unaerated groups. As the concentration of DO increased after aeration, the aerobic microorganisms will be active in metabolism, thus consuming more organic matters and nutrient elements.
Biofilm
Activated carbon fiber has the characteristics of large specific surface area, strong adsorption capacity and good bio-affinity. As the core carrier, activated carbon fiber emits ultrasonic waves after being exposed to external energy such as ultraviolet rays and electromagnetic waves, and various microorganisms around it will be adsorbed and rapidly multiply to form adhesive biofilms on the fibers. The organic matter was degraded by aerobic and aerobic metabolism of facultative microorganisms on the surface of the biofilm. Since oxygen was nearly depleted in the surface layer of the biofilm, the microorganisms in the inner layer of the biofilm were in anaerobic state. So nitrogen was removed by aerobic and anaerobic microbialization and denitrification. The experimental results show that S3 has better removal effect on COD, TN and TP than S2, which reflects the formation of biofilm structure with strong adsorption and biodegradation functions on activated carbon fibers in S3.
DO and pH
DO and pH will affect the growth process of microorganisms, which will affect the conversion process of nitrogen and phosphorus in water and the purification effect of water. Higher DO enhanced the metabolic activity of aerobic microorganisms, which increased the consumption of organic matter and the absorption of nitrogen and phosphorus. The pH of the water gradually increased during the process. The pH range of the experimental groups is 8.01-8.44, which is at the alkaline state. Nitrifying bacteria and polyphosphate bacteria grow better in alkaline environment, then more nutrient elements will be absorbed. What's more, it'll be more easily for phosphate to precipitate at alkaline.
Synergy of "CAFI" Components
The "CAFI" device applies aeration and oxygenation technology, purification of aquatic plants planted on ecological floating islands, and activated carbon fiber biofilm combination to black odor water treatment. Although plants can absorb nutrients through root absorption, the absorption capacity is limited. Activated carbon fiber biofilm can treat the depth beyond which plant roots cannot extend. Meanwhile the microorganism attached on the activated carbon fiber biofilm plays a crucial role in organic matter degradation, nitrification and denitrification. The aeration device can increase the dissolved oxygen in water, promote the growth and reproduction of aerobic microorganisms on the biofilm, and promote the growth of the plant roots to a certain extent, laying a foundation for the ecosystem restoration of the black and odorous water body. The ecological floating island can play a certain interception effect on the aerated gas and improve the gas utilization efficiency. In the application process of combined technology, each single technology plays a synergistic role while exerting its own functions.
Conclusions
The "CAFI" has obvious effects on water purification. The mechanism of purification mainly involved sedimentation of particles, absorption of plants, action of microorganisms, and adsorption of activated carbon fibers. The "CAFI" has a greater improvement on pollutant removal rates of water bodies than the traditional artificial floating islands. And the "CAFI" only takes half of the time to meet the discharge standard. Moreover, the "CAFI " device features wide applicability, as the aeration volume and the length of the activated carbon fiber can be adjusted according to different quality and depth of water.
